Abstract: Control of surface integrity is an important factor for components like cold working tools exposed to wear and fatigue damage. We have performed a number of operations on Sverker 21 and Vanadis 6 steel surfaces: turned + burnished, turned + nitrided and turned + burnished + nitrided. The effects were followed by surface roughness and microstructure analysis, ball-on-disc tribology and impact testing. The sequence of turned + burnished + nitrided treatments has the most favorable effect on the surface integrity of the finished tools and their industrial performance. Results will be presented at the Conference.
INTRODUCTION
According to definition of surface integrity formulated by Astakhov [1] , primarily surface finish, fatigue and wear resistance affect the performance of surface layer during service.
Combined processes in surface engineering, including heat treatment, plastic deformation of the surface layer (SL) and thermo-chemical treatment are used, inter alia to achieve hardness increase of SL or else to reduce the friction. This improves the performance tools, in particular their resistance to wear and impact. Jawahir e.a. [2] discuss a need for improved surface integrity and enhanced functional performance of components. These factors provide a driving force in the development of new production methods and high performance manufacturing technologies.
Machining of hardened materials is one of the leading removal methods used in producing parts in some advanced manufacturing branches including automotive, bearing, die and mold making sectors. However, there are several technological limitations. Including unsatisfactory surface finish and formation of a so-called white layer (WL), a consequence of damage of the machined components [3] . A typical finishing machining of tool steels with a hardness about 60 HRC is grinding, which is a laborious and expensive process in comparison to hard turning [4] .
An alternative to the grinding process could be slide diamond burnishing with ceramic bonding phase Ti 3 SiC 2 [5, 6] . It is a finishing method with kinematics similar to those of roller pressure burnishing. However, during slide burnishing, the tip of the burnisher does not roll but slides over the treated surface [7] .
Among the thermo-chemical treatments. nitriding plays a dominant role, particularly in industrial practice. It allows to change chemical composition and the microstructure of SL work pieces, due to temperature changes and chemical interactions in the medium [8] .
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We have applied slide diamond burnishing as a process preceding diffusion treatment (nitriding) to Sverker 21 (D2) and Vanadis 6 tool steels, which belong to the most frequently used cold working tool steels.
EXPERIMENTAL PROCEDURES
We have investigated two commercially available tool steels from Uddeholm Co. under the trade names of "Sverker 21" and "Vanadis 6". The nominal chemical compositions of the two grades are presented in Table 1 . The final macrohardness of both tool steels after the heat treatment (HT) was ≈ 60 HRC. After HT, the specimens were subjected to different surface treatments, namely: turned (T), turned + burnished (T + B), turned + nitrided (T + N), and turned + burnished + nitrided (T + B + N). Turning process was performed applying CBN cutting inserts with the commercial symbol NP-SNGA 120412GS2 MB730 and using parameters specified in Table 2 . The surface roughness (average values of 6 measurements) before burnishing were in the range: R a = 0.72 ± 0.82 μm. Slide diamond burnishing process of our tool steels in the quenched state was carried out using diamond tools with parameters listed in Table 3 . These tools are designed and currently produced at the Institute of Advanced Manufacturing Technology (IAMT), with the tips in the shape of spherical cap made of diamond composites with a ceramic bonding phase, namely Ti 3 SiC 2 [9] . After turning or turning + burnishing process, selected surfaces were immediately nitrided by gas nitriding, under typical conditions: first stage at 520 ºC/5 h and second stage at 535 ºC/20 h.
The surface roughness was measured with the Hommel Tester T1000 profilometer and a laboratory profilometer TOPO 01 produced at IAMT.
The abrasive wear resistance was evaluated by the ball-on-disc method, using a CETR UMT-2MT (USA) universal mechanical tester. For each test, a new ball was used or the ball was rotated so that a new surface was in contact with the disc. The ball and disc samples were washed in ethyl alcohol and dried. The size of the disc-shaped samples was ≈ 30 mm diameter and ≈ 20 mm in height with the surfaces flatness and parallelism within 0.02 mm. Test conditions are presented in Table 4 . The tests were carried out without a lubricant at room temperature.
The samples after tribological tests were used to micro-impact fatigue tests, which we carried out on an impact tester designed and built in the Laboratory of Tribology and Surface Engineering of AGH University [10] . We reduced the height of the samples to ≈ 5 mm by cutting off using the Labotom 5 cut-off machine from Struers Company. Indenter (Al 2 O 3 ball of 1.0 mm diameter) strikes in the sample surface with a force F N = 1.0 N, and a frequency of 5.0 Hz was used. We applied 100 000 cycles of impact during the studies. We analyzed an imprint formed on the surface after impact using an optical microscope (Carl Zeiss Axiovert 100A). The results of measurement are presented in the next section. 
RESULTS
The typical quenched and tempered microstructure of studied tool steels are presented in Figure 1 . It consists of a fine tempered martensite structure within carbide particles. In Table 5 we show the results of surface roughness measurements and calculations K Ra index (the ratio of the roughness after turning to burnishing) after the surface treatment processes. In Figure 2 we show examples of crater images after micro-impact fatigue tests for 100 000 cycles on the sample surface of Vanadis 6. In Figure 3 we presented calculated values of wear rates. The results indicate significant differences the wear rate after sequentially used surface treatment processes. 
CONCLUSIONS
1. The sequence of turned + burnished + nitrided treatments has the most favorable effect on the surface integrity of studied samples, determined in ball-on-disc and micro impact fatigue tests.
2. The strongest positive influence on tribological resistance (less abrasive wear) has combination of burnishing and nitriding processes. Conventional tool steel Sverker 21 benefits much more then P/M steel Vanadis 6 (300 % to 42 % respectively).
3. Burnishing itself, beside nitriding, has also strong influence in surface fatigue test for P/M Vanadis 6 tool steel.
4. There exist a correlation between an increasing material ratio (reaching over 100 %) and resistance, both the tribological wear and observed in the surface fatigue test.
5.
As the results show, use of combined technology has a very positive influence on surface integrity.
